Quantization of the relationship between travel intensity and land use patterns is still a critical problem in urban transportation planning. Achieved researches on land use patterns are restricted to macrodata such as population and area, which failed to provide detail travel information for transportation planners. There is still problem on how to reflect the relationship between transport and land use accurately. This paper presents a study that is reflective of such an effort. A data extraction method is developed to get the travel origin and destination (OD) between traffic zones based on the mobile data of 100,000 residents in Beijing. Then Point of Interests (POIs) data in typical traffic zones was analyzed combined with construction area investigation. Based on the analysis of travel OD and POI data, the average travel intensity of each land use pattern is quantified. Research results could provide a quantitative basis for the optimization of urban transportation planning.
Introduction
Due to the accelerating of urbanization, major cities in China were gradually forced to carry out high-density land development. However, excessive land development has led to rapid growth of traffic demand and aggravates the traffic congestion, air pollution, and so on.
The correlation issues between land use and travel intensity were firstly put forward by Knight [1] in 1977. Since then, a large number of scholars have conducted researches on the interaction between land use and travel behavior [2] [3] [4] [5] [6] [7] . Susan [8] and Pauline et al. [9] analyzed the impact of land use on the characteristics of the trips. They pointed out that with the increasing of land use density, the number of travel would decrease. Hanssen [10] proved that land use has a profound effect on travel behavior. Silva and Luis [11] established a model to unravel the influence of land use on travel behavior. Olle et al. [12] presented a preliminary research on travel behavior analysis through mobile data.
Application of mobile data to analyze the travel characteristics has become increasingly popular in recent years, particularly since 2007. Caceres et al. [13] derived the origindestination data from mobile data. Bar-Gera [14] evaluated a cellular phone-based system for measurements of traffic speeds and travel times in Isral. Asakura and Iryo [15] analyzed the tourist behavior based on the mobile data. In Herring and his colleagues' research [16] in 2009, the mobile data were used to forecast arterial traffic through statistical learning. On this basis, other scholars have done a lot of research to expand mobile data application and travel behavior [17] [18] [19] [20] [21] [22] . As one of the key area within transportation planning, research on land use properties of transport unfortunately just attracted little attention in the application of mobile data. Such applications are urgently required in urban planning of China, as most of the cities will face more and more serious traffic congestion problems generated by crowded and disordered traffic in the coming challenge years.
With the analysis and brief history above as a backdrop, it is clear that there is a close relationship between the land use and travel behavior. However, the analytic accuracy of land's traffic properties is rather low and there are difficulties in the residents' travel data acquisition. This paper describes an information technology-based procedure for analysis the traffic properties of land use. The remainder of the paper is structured as follows. Section 2 introduces the travel OD calculation based on the mobile data. Section 3 presents the analysis of land use based on the POIs (Point of Interests). Travel intensity calculation is presented in Section 4, followed by the conclusions presented in Section 5.
Travel OD Calculation Based on the Mobile Data
In this section, the travel OD was calculated based on 100,000 residents' mobile data of Beijing. The main steps include preprocessor of mobile data, extraction of residents' trip chain, extraction of travel OD, and sampling expansion of travel OD. 
Sampling Expansion of

Preprocessor of Mobile Data
(a) Data Separation and Deduplication. In order to improve the validity and precision of the data, irrelevant data should be eliminated in the pretreatment stage. Generally, irrelevant data include the null value data as well as the duplicate data.
(b) Construction of Database. In order to handle the huge amount of mobile data, an appropriative database which can improve the management capability of a variety of data sources was built up. As the foundation for the following data analysis, the processed data was written to the database above, as shown in Figure 1 .
(c) Mobile Data Reclassification and Sorting. After the data base construction, the mobile data of 7 days were classified into individuals, and then sorted in the ascending order of time.
Extracting Residents' Trip
Chain. The trip chain data means a collection of the residents travel stops on the track in the day time. Mobile data could assist in obtaining the data of residents travel through the steps as follows.
(a) Discriminating Stagnation Point. Calculate the residence time in each cell , and set the time threshold ( = 45 minutes, the longest bus waiting time, based on field survey). When the cell residence time is greater than stay , the stagnation point of the user is determined. (d) Discrimination the Work Place Location. Similar to the method above, the workplace could also be identified from the stagnation point of the user. Regardless of the home location, the cross time cross , which is the stay period between work and stagnation point, was calculated. The user's work position is determined when the crossover time cross is greater than the time threshold work .
(e) Analysis Trip Purpose. On the basis of home and work location identification, the remaining stagnation points could be mainly classified into the user's track sequence. And the trip purpose could be determined by the characteristic of interest points (culture and entertainment, live, shop, etc.), which is on the user's track and show reasonable stay period.
Extraction of Travel OD.
The travel OD could be obtained from residents' day trip chain, which can be simplified to be expressed as Figure 2 : A∼F represent the traffic zones; a-b-c show a day trip chain of mobile phone user, in which a, b, and c are stagnation points, respectively. The adjacent stagnation points which are sorted according to the time could be considered as the start and end of one trip. The traffic zone for each trip could be determined through the coordinates match between the stagnation point and the traffic zone. For example in Figure 2 , a-b and b-c could be considered as two valid trips. And abelongs to zone A, b belongs to zone C, and c belongs to zone E. Thus, we can determine one increase in the volume of the traffic count between zone A and C and another increase between zone C and E.
Analysis of Land Use Based on the POIs
POI is a phrase from the internet map search engine, for example, Baidu, youdao, and so forth. Travelers can get a lot of POIs information related to their travel purpose through internet, as shown in Figure 3 . In general, POI data includes four fields: name, category, longitude, and latitude. It can not only help determine trip purpose and nature of land use but also reflect distribution of population and level of economic development.
POI Extraction and Classification.
POI data were extracted and divided according to the two types of major categories and subcategories, as shown in Table 1 .
Combined with the "standard for classification of urban land" (GB50137-2011), the correspondence among the travel purpose, POI type, and land use type were descript as shown in Table 2 . Figure 4 : Distribution histogram of construction area for educational POI.
Construction Area of POI Investigation.
Network inquiries, telephone interviews, and field inquiry were adopted in this research to obtain the average structural area for each type of land. 100 locations were selected from each type of land and the results are shown in Table 3 (education type as an example), Figures 4, 5, and 6. Since the selection of survey sites is random, it can be assumed that the scale of the construction area for the sample interest points and the overall points are independent and identically distributed. The average construction area for each kind of POIs is shown in Table 4 .
Travel Intensity Calculation
In order to calculate the travel intensity of each type of POI, 26 typical zones (including all kinds of POIs) were selected from within the whole city of Beijing randomly, in which 14 zones are within the second ring road, 3 within second to the third ring road, 4 within the third to the fourth ring, and 5 within the fourth to the fifth ring. Total travel times were calculated through mobile data using the method in Section 2, as shown in Table 5 . The numbers of POIs in each of the 26 traffic zones were obtained as shown in Table 6 .
The construction area of different pattern land in traffic zones could be calculated according to the average construction area of each kind of POI in Table 5 . Then the average travel intensity could be calculated through the formula as follow: Nanyaodi  0  1  1  0  0  5  4  1  Jialinhuayuan  0  0  0  0  0  0  7  1  Kuifang  1  2  1  0  0  6  0  1  Fanzhuangzidongli  1 R; , , , , , , , and are construction area of corresponding land use patterns in traffic zone ; is total trips of traffic zone .
The calculated travel intensity of each land use pattern is shown in Table 7 .
Conclusions
As big data era approaching, the usefulness of POI data in transportation research has become more and more clear. This paper presents a research method of analyzing the relationship between travel demand and land use based on information technology. The residents' day trip chains based on mobile data were collected, and the land use characteristics were quantitative analyzed through POI data. Then the travel intensity of each type of land use patterns was obtained through the travel OD and land use characteristics, which may provide a quantitative basis for urban planner and traffic managers. Research method opens a new way of studying the relationship between urban planning and transportation, and the findings could be used as the foundation for land use decisions.
